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Hypertension or high blood pressure is the major risk factor of heart and kidney diseases affecting the human population. Indeed the incidence rate is very high: 1 in every 3 adult individuals. Hypertension is normally treated in the clinic as an independent disease. Nonetheless, it is interesting to note that high blood pressure is also a hallmark feature of metabolic syndrome. This latter observation begs the question of whether there is any link between hypertension and metabolism.
Two clues suggesting such a link stem from the observation that exercise and calorie restriction both work well to lower blood pressure. One of the commonalities between exercise and calorie restriction is that they both increase circulating ketone bodies, especially beta hydroxybutyrate (βOHB), which is predominantly produced by the liver. So, is it possible that a metabolite such as βOHB, which is produced in the liver, has something to do with blood pressure regulation?
Yet another clue emerged in the literature: dietary salt, which is the number one adverse environmental factor known to escalate blood pressure, also affects liver function by unknown mechanisms. Collectively, these observations led us to study whether salt influenced any of the liver metabolites to impact blood pressure.
We collected fasted blood plasma from low salt-and high salt-fed rats and looked for alterations in primary metabolites (metabolites with physiological function) in response to salt. A number of metabolites were found to change among the low salt and high salt groups. However, we were excited to note that the most predominant ketone body produced by the liver, βOHB, was lowered in the high salt-fed group of rats. These rats also had a higher blood pressure compared to the low salt group.
Next, we conducted a nutritional intervention study. We fed groups of hypertensive rats with or without the precursor of βOHB, 1,3-butanediol, and measured their blood pressure. The results were quite dramatic. Despite the rats being fed a high salt diet, feeding them the precursor of βOHB attenuated their hypertension.
Next we sought to identify how exactly did 1,3-butanediol helped to lower blood pressure. We looked into the most obvious organ in salt-handling, the kidney. There were indications of lowering of inflammation and restoration of both structure and function of the kidney in response to dietary 1,3-butanediol. We do think such a dietary supplement contributed to the observed lowering of hypertension.
Of course, this may not be the only mechanism explaining the blood pressure lowering effect by 1,3-butanediol. However, the results of our work published in Cell Reports describe a novel mechanism of blood pressure regulation. Such a mechanism involves the liver as an organ and a livergenerated ketone body, βOHB, as a specific metabolite beneficial for hypertension. This may at least in part explain why hypertension presents along with metabolic complications which result in metabolic syndrome. Incidentally, this finding also suggests that the beneficial effects of exercise and calorie restriction on hypertension may be due to the elevated βOHB generated under these circumstances. The most attractive feature of our findings is however that the metabolic activities of the liver that are known to be essential to provide fuel to the brain, muscle and other organs, can now be contemplated as a target for combating hypertension. Specifically, we propose that dietary supplementation with ketogenic agents such as 1,3-butanediol could be used to ameliorate hypertension as well as kidney disease by helping the liver to produce βOHB.
